Arctic ground squirrels (Spermophilus parryii) are abundant, colonial, noncyclical small mammals whose within-range distribution patterns have received little scientific attention. The distribution of arctic ground squirrels may drive the abundance and spatial arrangement of other arctic ecosystem components, because they serve as a prey item, plant predator, and ecological engineer. We modeled ground squirrel habitat selection using exponential resource selection functions. To determine whether the presence of adjacent squirrel burrows influenced our indices of habitat selection, we evaluated autocovariates in our models that accounted for the predicted relative probability of ground squirrel presence within neighborhoods of various sizes around each focal area. Our models demonstrated selection by ground squirrels for well-drained substrates and sloped or convex terrain, and against wet and hummocky terrain and areas of high greenness. At a large spatial scale highly selected habitat was predicted to be more limited spatially in treed areas than in tundra. Evaluation of models incorporating autocovariates demonstrated that ground squirrel distribution was not determined by the presence of other burrows. Given observed patterns of habitat selection, climate change and attendant changes to vegetation and soils could impact the ecology of arctic ground squirrels, with consequent effects on arctic plant communities and predator-prey cycles.
Indicators are often used to monitor large, complex ecosystem processes. Ideal indicators are monitored easily and accurately, match the scale of the underlying processes of interest, and give credible information about these processes (Goodsell et al. 2009; Storch and Bissonette 2003) . Indicator species are often fauna with direct cultural or economic importance, such as birds, harvestable mammals, and apex predators (Einoder 2009; Laidre et al. 2008; Ray et al. 2005; Sergio et al. 2008) . Less economically and culturally significant species are often overlooked, even in well-studied ecosystems (Berger 2008; Tisdell and Swarna Nantha 2007) .
Arctic ecosystems are defined increasingly by the rapidity of their alteration. At a global level unprecedented climate change threatens to disrupt ecosystem function by changing abiotic conditions, decoupling ecological linkages, and facilitating northward advancement of southern species (Hassol 2004; Intergovernmental Panel on Climate Change 2008; Parmesan 2006; Sommerkorn and Hamilton 2008) . At more local scales the demands of an increasing Arctic population, and expanding natural resource extraction and attendant development, also place strain on ecosystem function (Hassol 2004; Johnson et al. 2005; Nassichuk 2003; Truett and Johnson 2000) . Monitoring ecosystem change is critical to identifying and conserving threatened system components and managing anthropogenic impacts.
Arctic ground squirrels (Spermophilus parryii) inhabit the subarctic and Arctic mainland from the western shore of Hudson Bay to eastern Siberia (MacClintock 1970; Woods 1991) . Arctic ground squirrels are ubiquitous in tundra habitats and present in alpine meadows and clearings within the boreal forest (Woods 1991) . Arctic ground squirrels live colonially in complex, shallow burrow systems that serve as predator refuge, maternal dens, and hibernacula (Carl 1971; McLean 1981) .
Relatively large rodents (600-900 g) with seasonally high fat content, arctic ground squirrels are prey for brown bears (Ursus arctos), foxes (Vulpes spp.), wolverines (Gulo gulo), wolves (Canis lupus), rough-legged hawks (Buteo lagopus), peregrine falcons (Falco peregrinus), and snowy owls (Bubo scandiacus- Ballard et al. 1987; Bradley and Oliphant 1991; Carl 1971; Reid et al. 1997) . The territorial arctic ground squirrel consists of populations that are thought to be regulated by competition for suitable habitat (Batzli 1983; Batzli and w w w . m a m m a l o g y . o r g Sobaski 1980; Carl 1971) . Arctic ground squirrels are distinct from most tundra-dwelling rodents because their populations are noncyclical and are thought to maintain populations of arctic tundra predators during the crash and recovery phase of cyclically fluctuating small mammal species (Reid et al. 1997) .
Arctic ground squirrels have significant influence on their surrounding biotic and abiotic environment. Through selective feeding and deposition of body wastes, ground squirrels can alter the composition of plant communities near their burrows (Batzli and Sobaski 1980; McKendrick et al. 1980) . In addition to these top-down effects, arctic ground squirrels have significant indirect effects on their environment. Their excavations, averaging 18 tonnes ha 21 year 21 in 1 alpine site, displace large amounts of earth and influence erosion, soil compaction, and depth of the permafrost (Price 1971) . Combined with waste deposition and food caching, this activity results in extensive nutrient redistribution (Batzli and Sobaski 1980; McKendrick et al. 1980; Price 1971) . For burrowing mammals in better-studied systems, burrow creation and maintenance, selective herbivory, and nutrient redistribution affect nutrient availability, landscape heterogeneity, and regional species diversity (Huntly and Reichman 1994; Whitford and Kay 1999) . Affecting the availability of resources to other organisms through the alteration of their physical environment, arctic ground squirrels act as physical ecosystem engineers (Jones et al. 1994 (Jones et al. , 1997 .
As a widespread, noncyclical tundra mammal that influences top-down, bottom-up, and indirect ecological processes over large geographic space, the arctic ground squirrel may be important for monitoring Arctic ecosystems. Despite the potential importance of arctic ground squirrels to ecosystem dynamics, studies on their ecology in tundra environments are scarce, and the majority of those that exist predate current technologies and analytical methods (Batzli 1983; Batzli and Sobaski 1980; Carl 1971; Mayer 1953) . We modeled habitat selection by arctic ground squirrels, a key ecosystem component as both a prey item and herbivore predator, in the Mackenzie Delta region of the Northwest Territories, Canada. We used these models to examine patterns of arctic ground squirrel distribution and to provide baseline data against which to compare future distributions of this component as the Mackenzie Delta ecosystem is affected by changes occurring at local and global scales.
MATERIALS AND METHODS
Study area.-Our study area was bounded by the Beaufort Sea to the north and the Mackenzie Delta in the west, in the northwestern part of the Northwest Territories, and straddled the ecotone between forest and tundra. The southern one-third of our study area had open stands of stunted white and black spruce (Picea glauca and P. mariana) and larch (Larix laricina) interspersed with muskeg and peat bog communities. These boreal communities graded to tundra in the northern two-thirds of the study area, with moist sites dominated by tussock cottongrass (Eriophorum vaginatum), sedges and Drepanocladus and Sphagnum mosses, and well-drained uplands consisting of heath tundra typified by Labrador tea (Rhododendron subarcticum), crowberry (Empetrum nigrum), mountain avens (Dryas integrifolia), dwarf birch (Betula nana), and Vaccinium spp. (Lambert 1973; Rampton 1988) . Underlain by permafrost, substrates consisted mainly of rolling morainal and glaciofluvial deposits, with lakes covering 15-30% of the surface area (Mackay 1963; Rampton 1988) .
Data collection.-We divided the area into 3 3 3-km plots and randomly selected 115 plots to survey for arctic ground squirrel use, excluding those that fell mostly on habitat unsuitable for ground squirrels (i.e., water or seasonally flooded delta plain). We used ground squirrel burrow systems as an indicator of recent ground squirrel use. We surveyed plots for ground squirrel burrow systems by helicopter, flying at 5-15 m above the ground. When we encountered a burrow we hovered directly over it and recorded a georeferenced image using a global positioning system-linked Nikon D2Xs digital camera (Nikon Inc., Melville, New York). Plot size was such that thorough searches lasted 15 min. One vegetation cover, willow thicket (Salix spp.), was too dense to allow searches from the air; we selected a sample of 15 areas of willow thicket areas within survey plots for ground searches to evaluate arctic ground squirrel habitat use in these areas. Our field methods conformed to ethical guidelines of the American Society of Mammalogists (Gannon et al. 2007 ).
Habitat modeling.-We evaluated arctic ground squirrel habitat selection by comparing characteristics of used to available locations using exponential resource selection functions (RSFs), estimated using logistic regression (Boyce and McDonald 1999; Manly et al. 2002) . We based modeling effort on a 30-m grid (corresponding to the grain size of other geospatial data collected), with grid cells containing 1 burrow considered used. We randomly assigned 10,000 cells as available. After assigning available cells, we excluded those that fell in habitats unsuitable for permanent colonization by arctic ground squirrels (i.e., water and seasonally flooded delta plain), leaving 7,378 available cells for our analyses. Our RSF models incorporated covariates for topography, surficial geology, and vegetation type.
Topography covariates considered were slope in degrees (SLP); easterly aspect (EAS); terrain ruggedness (RUG), calculated as the standard deviation of slope values; and cell curvature (CRV), calculated as the 2nd derivative of the cell surface on values from its 8 nearest neighbor cells. Topography covariates were derived from a 30-m resolution digital elevation model available from the Northwest Territories Centre for Geomatics (http://www.gnwtgeomatics.nt.ca).
Surficial geology covariates classified surficial deposit composition and texture and were chosen for consideration based on their hypothesized impacts on burrow construction and suitability. Surficial geology classes considered were hummocky moraine (MOH), consisting of coarse till (gravel to boulders) deposited in hummocks and ridges with relief of 15-50 m; rolling moraine (MOR), consisting of flat to gently sloping plains of fine morainal till; glaciofluvial plain (GLF), consisting of gently sloping plains of sand and gravel, often with eolian sand veneer; and lacustrine plain (LAC), consisting of gently sloping plains of silt and clay overlain by sand or organic materials. Surface water (WAT) also was considered. Surficial geology covariates were derived from Rampton (1988) .
Vegetation types, particularly those relating to vegetative cover and to moist environments, were hypothesized to affect burrow site selection by arctic ground squirrels. Vegetation classes considered were sparse vegetation (SPB), consisting of areas with .50% bare ground; deciduous tall shrub (DTS), consisting of areas with .25% cover of Alnus spp. and Salix spp. 1.3 m in height; deciduous low shrub (DLS), consisting of areas with .25% cover of Alnus spp. and Salix spp. ,1.3 m in height; and moist tussock (TUS), consisting of areas of tussock tundra, wet low-center polygons, dwarf shrub-tussock tundra, and graminoid wetlands. Vegetative greenness values (GRN) also were considered. Vegetation covariates were derived from Landsat 5 Thematic Mapper satellite imagery classified on a 28.5-m grid (C. Squires-Taylor, Northwest Territories Centre for Remote Sensing, pers. comm.).
We examined potential model covariates at 5 scales: 30 m (input cell size) and for circles of 50-, 100-, 200-, and 500-m radii. We used the scale at which we saw the greatest differentiation between used and available cells for building candidate RSF models. Covariates were screened for collinearity, and we did not include covariate pairs having a Pearson correlation (r) of 20.70 or 0.70 within the same model.
We approached the construction and evaluation of our candidate model set with the goal of identifying a descriptive model of arctic ground squirrel habitat selection. We constructed 12 candidate models from the screened covariates: 10 models based on prior ecological knowledge of arctic ground squirrel habitat relationships, incorporating hypothesized selection patterns for terrain characteristics, surficial geology, and vegetation types, and 2 models produced by forward and backward conditional covariate selection methods (a-to-enter 5 0.05, a-to-remove 5 0.10- Burnham and Anderson 2002; SPSS Inc. 2006) . We compared candidate models using the difference in Bayesian information criterion (DBIC), a method that selects more parsimonious models than Akaike's information criterion with large sample sizes (Burnham and Anderson 2002; Schwarz 1978) . We interpreted DBIC following Raftery (1995) , with candidate models with DBIC 2 considered comparable to the top-ranked model.
Spatial autocorrelation.-The existence of spatial autocorrelation among animal use locations can lead to spurious conclusions about resource selection patterns (Legendre 1993; Legendre et al. 2002; Manly et al. 2002) . To examine the effects of possible spatial autocorrelation among arctic ground squirrel burrow locations, we added autocovariates of various neighborhood sizes to our top-ranked RSF model (Augustin et al. 1996 (Augustin et al. , 1998 . We calculated an initial autocovariate value for each cell by taking a distance-weighted mean of predicted relative probability of cell use (derived from our top-ranked RSF) for a neighborhood of cells surrounding each focal cell. We used square neighborhoods of 3, 7, 13, 19, and 25 cells on a side, corresponding to a nearest neighbor and neighborhoods equal to 1, 2, 3, and 4 mean home-range diameters of arctic ground squirrels obtained from the literature (Table 1) . Cell weights in each neighborhood were calculated as the inverse of their distance to the focal cell, and any cells falling in water or other unavailable habitat were censored. Autocovariate values for each training cell were introduced to the original RSF model, and new predicted relative probability of use values were calculated. We then used neighborhoods of these new RSF values to build new autocovariate values. We continued autocovariate recalculations for 10 iterations to allow autocovariate values and b coefficients to stabilize (Augustin et al. 1996) . We evaluated the final models for parsimony using DBIC.
Model validation and predictive performance.-We withheld 20% of the used locations and assessed the predictive performance of our final model with that data set, following Johnson et al. (2006) . Using the final model, we predicted pixel RSF values, and aggregated pixel values into 10 ranked bins. Bin widths were determined by examining RSF values for used pixels in the model-building data set, such that each bin contained a roughly equal number of used pixels. For each bin we calculated a utilization value (U(x i )):
with w(x i ) is the midpoint RSF value of bin i and A(x i ) the area of bin i (Boyce and McDonald 1999; Johnson et al. 2006) . We calculated expected used pixels for each bin (n i ):
where n is used pixel locations within the out-of-sample validation data set. Comparing n and n i , we evaluated proportionality of our RSF model to probability of habitat use using the slope and intercept of a linear regression on the data. We assessed model fit to validation data using R 2 and a G-test for goodness-of-fit, and tested for departure of the slope from 0 and 1 using t-tests.
We also compared the correlations of area-adjusted frequencies of predicted RSF values from our out-of-sample validation data set to the rank values of their containing bins using the Spearman rank correlation (Boyce et al. 2002) . Areaadjusted frequencies were calculated by dividing raw frequencies from each bin by the bin area in square kilometres (km 2 ). All statistical tests were performed using SPSS version 14.0 for Windows (SPSS Inc., Chicago, Illinois).
RESULTS
We surveyed 115 randomly selected 3 3 3-km plots between 6 July and 28 August 2007, identifying 1,030 burrow systems of arctic ground squirrels, which were aggregated into 820 used 30-m grid cells. No arctic ground squirrel burrows were found during ground searches in willow thickets. We withheld a randomly selected 20% (n 5 164) sample of our used cells for out-of-sample model validation.
For the majority of habitat values the greatest differentiation between used and available was seen at the 200-m buffer size. Only cell curvature, slope, and percent deciduous tall shrub differed significantly at the 100-m buffer size, whereas the 30-m focal cell and 500-m buffer size showed no significant difference among used and available locations. Among our candidate models the top-ranked model was the forward conditional covariate selection (Appendix I). Models 2-12 received poor empirical support, with DBIC values .7 (Appendix I).
We used model 1 as a starting point for iterative autocovariate calculation. In no case was the autocovariate a significant addition to the RSF model, nor was any autocovariate's b coefficient significantly different from 0 (Table 2 ). BIC differences of 3.50-3.90 for models containing autocovariates demonstrated positive evidence for difference between their performance and that of the top-ranked model 1 (Table 3 ). The original model 1 remained the most-parsimonious model of predicted probability of arctic ground squirrel habitat use (Table 3) .
Model 1 demonstrated good fit as evidenced by a large coefficient of determination (R 2 5 0.89) and a nonsignificant G-test (G 9 5 0.22, P 5 0.99), which indicated agreement between model predictions and validation data (Fig. 1) . Although the slope was significantly different from 0 (t 8 5 7.97, P , 0.01), it also was significantly different from 1 (t 8 5 6.31, P , 0.01), indicating that model 1 predictions perform better than random but are not directly proportional to the probability of habitat use by arctic ground squirrels (Fig. 1) . Area-adjusted frequency of arctic ground squirrel habitat use showed significant positive correlation with bin rank (Fig. 2) . Model 1 predicts that arctic ground squirrels show selection for rolling moraine and glaciofluvial deposits and select against hummocky moraine, high mean greenness values, and total surface area of water within 200 m of their burrows (Table 2) . Arctic ground squirrels appear to select for terrain with high mean convexity values or in proximity to steep slope but against terrain possessing both proximity to steep slope and high mean convexity. At a larger spatial scale arctic ground squirrels were predicted to show stronger selection of northern tundra habitat than of forested areas in the southern one-third of the study area (Fig. 3) . Strongly selected habitats in the south were concentrated along creek valleys and delta and coastal bluffs. Large swaths of both tundra and boreal forest habitats were predicted to be nearly devoid of arctic ground squirrels.
DISCUSSION
Our exponential resource selection model outperformed autologistic-derived exponential models. As such, spatial autocorrelation among arctic ground squirrel burrows likely was driven exogenously by the spatial arrangement of preferred habitat rather than endogenously by factors such as social bonds (Augustin et al. 1996 (Augustin et al. , 1998 van Teeffelen and Ovaskainen 2007) . The specific habitat preferences of arctic ground squirrels, combined with the patchy nature of such preferred habitat, accounted for squirrel distribution.
Our resource selection model performed well at predicting arctic ground squirrel presence within an RSF bin relative to other bins. A comparison of expected versus observed proportions of arctic ground squirrel locations from our validation data set, however, demonstrated that model predictions are not directly proportional to true probability of habitat use. Our validation data revealed a tendency of the model to overestimate selection in high-ranked bins and underestimate selection in low-ranked bins. As such, our model is best suited to provide a ranked index of resource selection, with RSF values denoting relative rank of ground squirrel habitat selection for each map pixel, rather than scalar selection values.
Unequal detection probability of arctic ground squirrel burrows using our sampling method could obscure true patterns of habitat selection (MacKenzie 2006; Manly et al. 2002) . Reduced sightability of burrows in a specific habitat type would spuriously decrease the predicted selection for that habitat. Although boreal forest did account for a portion of our study area, trees were slender, stunted, and widely spaced, as is typical near treeline. We believe reduced burrow sightability as a result of such sparse forest was negligible. The only vegetation type in which we were not confident of our ability to thoroughly detect burrows was willow thicket. In the Mackenzie Delta region dense stands of willow, 2-4 m tall, are found along seasonally flooded creek banks and on revegetating permafrost slumps (Mackay 1963) . We detected no arctic ground squirrel burrows in our ground searches of willow thickets and found the moist substrates characterizing these thickets to be unsuitable for ground squirrel burrows.
Arctic ground squirrels construct several types of burrows of various sizes, durability, and detectability. Current knowledge about arctic ground squirrel burrow types and functions is derived from Carl (1971) and Batzli and Sobaski (1980) . These authors described arctic ground squirrel territories as centered on large burrow systems consisting externally of 10-50 openings within and surrounding a large spoil pile of bare earth (single and double burrow systems; all burrow designations according to Carl [1971] ). Scattered throughout the territory were single burrows (boundary pits) or burrow systems consisting of 1-4 openings with a small spoil pile at 1 or 2 openings (duck holes). The simplest of these burrows, boundary pits, were excavated only in spring and by summer were often difficult to identify. Boundary pits and duck holes served as territorial markers and temporary refuges and were not described to be as central to arctic ground squirrel activities as single and double burrow systems. Boundary pits and duck holes, however, are positive indicators of arctic ground squirrel presence, and as such we did not distinguish between them and more complex burrows in our classification of used points. One burrow type, termed refugee burrows, was built by dispersing juveniles that had been excluded from their natal territories and resembled duck holes. Because they were built by ground squirrels that have been excluded from occupied territories, refugee burrows often were constructed in areas of marginal habitat, and the burrows and their occupants seldom lasted through the winter. Lacking a dependable method for distinguishing between refugee burrows and those in perennial territories, we likely incorporated refugee burrows into our sample of used locations. The Table 2 (model 1) and 5 exponential RSF models derived from autologistic regression estimator functions, modeling arctic ground squirrel habitat selection in the Mackenzie Delta region, Northwest Territories, Canada (cells used : cells available 5 654:7,378). Models are shown with included covariates, log likelihood of model given the data (LL), number of parameters (k), Bayesian information criterion (BIC), the BIC difference from the best-supported model (DBIC), and the posterior probability. Autocovariates in autologistic-derived RSF models were built using square neighborhoods of 3, 7, 13, 19, and 25 cells on a side, surrounding the focal cell (see ''Materials and Methods''). inclusion of these presence data from suboptimal locations increased the ability of our model to identify overall arctic ground squirrel distribution but decreased its ability to capture habitat selection under conditions of equal availability for all ground squirrels. Because of their ephemeral occupancy compared to perennial single and double burrow systems, however, refugee burrows contributed little to our used sample and to the overall habitat occupancy by arctic ground squirrels. Apparent selection for areas of low mean greenness by arctic ground squirrels might reflect top-down and indirect habitat alteration by the ground squirrels themselves, with earthen spoil piles and herbivory contributing to lower greenness values in active ground squirrel colonies. Under such a dynamic the effects of spoil piles would be greatest at the smallest buffers examined (the 30 3 30-m focal cell and its 50-m-radius buffer), and the effects of grazing would be most detectable at or below home-range size (radii of 200 m). We found that differences between mean greenness values for used and available locations were greatest within 200-m-radius buffers, supporting arctic ground squirrel herbivory as a possible determinant of greenness values within squirrel colonies. If arctic ground squirrels themselves determine greenness values in proximity of their burrows, our models would not be strictly modeling habitat selection but rather a combination of both selection and habitat alteration. Previous study, however, suggests that selection for areas of low mean greenness by arctic ground squirrels might be a strategy for reducing predation risk, or a consequence of increased predation in greener, more heavily vegetated areas. By selecting for sloped or convex terrain in areas of low mean greenness values, ground squirrels might be choosing burrow sites that allow for more effective vigilance behavior. Karels and Boonstra (1999) found that the presence of mammalian predators influenced survival of arctic ground squirrels in a boreal habitat, with burrows in areas of flat terrain and restricted visibility less likely to remain occupied over time than those on slopes and open ground. The selection of habitats coinciding with creek valleys, bluffs, and bare slopes in the southern onethird of the study area could be a response to increased visibility in these areas compared to the surrounding open forest. In some areas boreal forests are sink habitats, with forest populations supported by immigration from source populations in higherelevation alpine tundra and open meadows (Gillis et al. 2005) . The low observed densities and low predicted habitat selection of arctic ground squirrels within open boreal habitat suggests a similar trend along the latitudinal boreal forest-tundra ecotone. If such dynamics exist, even moderate northward advancement of large trees and shrubs into tundra regions could reduce arctic ground squirrel population growth rates over a large portion of their range (Hassol 2004; Kaplan and New 2006) .
In addition to being easy to invigilate, exposed areas of loose, dry substrates are typified by a depressed permafrost layer (Everett 1980; Smith 1975; Zoltai and Pettapiece 1973) . A deep active layer benefits arctic ground squirrels by allowing excavation of deeper, warmer, and more secure burrows, which in turn confer higher rates of survival and fecundity (Batzli and Sobaski 1980; Carl 1971) . Although global climate change is expected to bring circumpolar permafrost degradation, a potential benefit for arctic ground squirrels, attendant changes in soil moisture caused by altered precipitation and evapotranspiration regimes could temper these benefits (Hassol 2004) .
The effects of localized change on arctic ground squirrels, in the form of development and expansion of direct human influence, are more difficult to predict. Large reserves of oil and natural gas lie beneath the Mackenzie Delta and Beaufort Sea, and the construction of an extensive extraction, processing, and transportation infrastructure is scheduled for the area (Voutier et al. 2008) . Arctic ground squirrels do not actively avoid proximity to human activity, but indirect effects on ground squirrel predators and anthropogenic landscape alteration could cause local changes in ground squirrel abundance and distribution (Mueller 1995) . Assigning selection values to arctic ground squirrel habitats allows for informed development and management decisions concerning anthropogenic landscape disturbance and provides a model against which to compare future conditions.
Arctic ground squirrels constitute a prey item whose noncyclical abundance might maintain predators during the crash and recovery phase of other small mammal populations, and their distribution and abundance could be of cyclical or permanent importance to the ecology of many arctic predators (Reid et al. 1997) . As selective herbivores, soil excavators, and agents of soil biopedturbation and nutrient redistribution, arctic ground squirrels also could have large impacts on vegetation communities and active layer dynamics (Batzli and Sobaski 1980; McKendrick et al. 1980; Price 1971) . Both local-and global-scale changes in arctic ground squirrel abundance and distribution could have consequences for plant and soil communities and arctic predator and small mammal guilds, considering the role of the ground squirrel as a prey item, herbivore, and ecosystem engineer.
Arctic ground squirrels are an important ecosystem component across a large segment of the Arctic and subarctic. Easily detected and showing strong selection for habitat types that are projected to undergo alteration by global climate change and local anthropogenic disturbance, arctic ground squirrels deserve continued attention by Arctic ecologists. Our models provide quantitative, landscape-scale support to previous qualitative observations of habitat selection by arctic ground squirrels (Batzli and Sobaski 1980; Carl 1971; Gillis et al. 2005; Karels and Boonstra 1999) . By modeling current habitat selection at this scale, we have established a baseline against which to measure the effects of future changes on arctic ground squirrels and their ecosystem. 
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